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EXECUTIVE SUMMARY 
The EstuaryWatch program was initiated by Corangamite Catchment Management Authority (CCMA) 
and the Western Coastal Board (WCB) in 2006 to enable the local communities to learn more about 
estuaries in their region and contribute to their management. 
This review of the program has examined in detail the current method, data collection, collation and 
presentation in light of an expanded focus on the management of estuaries, including the 
development of the revised River Health Strategy incorporating estuaries, the Estuary Entrance 
Management Support System (EEMSS), Index of Estuary Condition (IEC), Estuary Flows Assessment 
Method (EEFAM), Estuary Management Plans and Future Coasts. 
The methods of the review have included a review of the currency of the original objectives of the 
EstuaryWatch program, examination of how this program is currently, and can be, integrated into 
the above mentioned Victorian Government programs and a review of the data collection methods 
and parameters in light of these new programs. The review has also sought to examine whether the 
needs of the community volunteers are being met in assisting them in effectively managing their 
estuary or gaining a better understanding of the processes that are occurring within the estuary. 
The review has found that the EstuaryWatch program has been successful in collecting data that can 
be utilised in the EEMSS, IEC, EEFAM and Estuary Management Plans. However, the contextual data 
to make this information useful in interpretation, principally entrance condition and in-flow, are 
missing. Recommendations have been made to fill this data gap. 
It has been found that community expectations, as defined in their site monitoring plans, were often 
found to be at odds with the likely outputs of their monitoring program. There are opportunities to 
either expand the data that is collected at particular sites to meet these needs or to manage the 
expectations of the group. 
With the exception of the entrance berm condition monitoring, inflow, photographic record and 
comments section, the methods employed by the EstuaryWatch volunteers were found to be 
suitable to the task of monitoring and reporting on estuary processes. Recommendations have been 
made on improvements to the methods. These recommendations are deemed critical if the outputs 
of the program are to align with the above mentioned Government programs. 
It became clear during the review that the EstuaryWatch program has had a strong focus on the 
QA/QC, training and data integrity as a whole. The processes in place to ensure the data can be 
relied upon are well documented and considered sufficient to provide confidence in the collected 
data. 
Where significant opportunities lie are in the data management, storage, presentation and 
interpretation. In particular recommendations have been made of the graphing and export functions 
of the water quality data, naming of photographs, reporting of data on the website and the 
presentation of contextual time series data (particularly inflows and entrance geometry). Enabling 
the data to be displayed or downloaded in a number of formats, for users with different needs, will 
significantly improve the ability of interpretation.  
The principal output of the review is a list of 56 recommendations presented in Appendix A. These 
recommendations are ranked in importance to enable the continued successful implementation of 
the EstuaryWatch program. 
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1. INTRODUCTION 
1.1 History of the EstuaryWatch program 
The EstuaryWatch program was initiated by Corangamite Catchment Management Authority (CCMA) 
and the Western Coastal Board (WCB) in 2006 to enable the local communities to learn more about 
estuaries in their region and contribute to their management. The Steering Committee overseeing 
the development and operation of the program has representatives from CCMA, WCB, 
Coastaction/Coastcare, Parks Victoria, and Corangamite Waterwatch. Funding has been obtained 
from the National Action Plan for Salinity and Water Quality, the Victorian Government’s Our Water 
Our Future Action Plan and Alcoa Australia. 
EstuaryWatch contains two programs; EstuaryWatch Monitoring Program and EstuaryWatch 
Education. A core activity within the EstuaryWatch Monitoring Program are EstuaryWatch groups for 
the particular estuaries in the Corangamite area. Each EstuaryWatch group conducts water quality 
monitoring, and records and photographs changes to the water level, vegetation, river mouth status 
among other things in the estuary they monitor. 
Currently, twelve estuaries are being monitored through EstuaryWatch, from the Gellibrand River in 
the west to the Barwon River in the east. All twelve estuaries have the condition of the river mouth 
monitored but only five estuaries are monitored for water quality. The number of sites at each 
estuary and the length of time that the estuary has been monitored is variable as extra estuaries are 
being added subject to funding and interest from residents.  
A monitoring manual ‘Monitoring Your Estuary- A Methods Manual for Communities’ (Pope and 
Wynn, 2007) was developed to assist the community in undertaking the monitoring necessary to 
make the EstuaryWatch program a success. Each estuary has its own monitoring plan, containing 
estuary specific information. The EstuaryWatch web page on the CCMA website contains links to the 
EstuaryWatch database, coming events, and some data interpretation. 
The parameters being monitored in the estuaries by EstuaryWatch are currently being reviewed in 
response to a range of new programs that are in development for the better management of 
estuaries including the revision of the Victorian River Health Strategy to incorporate estuaries and 
EPA Victoria’s ‘Water Quality Guidelines for Victorian Riverine Estuaries’. 
EstuaryWatch Education activities such as the Estuaries Unmasked - EstuaryWatch night seminar 
series and the monitoring program aim to educate the wider public about the importance and 
diversity of estuaries and are held in different locations along the Corangamite Coast. One off 
education activities have been held with TAFE students and residents which has the benefit of 
educating the wider community as to the importance of estuaries and also giving students 
employment opportunities in the natural resource sector. EstuaryWatch News is also published on 
the CCMA website and distributed to well over 200 people across Victoria; it contains information on 
upcoming events and snapshots of what is happening in the region’s estuaries. 
1.2 Aims and objectives of the EstuaryWatch program 
The Vision of the EstuaryWatch program is twofold. 
 Raise awareness and provide educational opportunities to the community in estuarine 
environments.  
 Enable communities and stakeholders to better inform decision making on estuarine health. 
To achieve this Vision, a number of Aims have been developed.  
 Raise community awareness of estuaries and their links to catchment and coast 
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 Provide opportunities for community engagement; and 
 Facilitate better communication between communities and government on estuarine health 
issues.  
 Monitor and assess estuary health. 
These Aims will be achieved through implementation of the Estuary Watch manual (Pope and Wynn, 
2007), and through liaison, promotional and educational activities.  
The Objectives (that help to measure the success of the program) are as follows (EstuaryWatch 
Business Case): 
 Consolidate the EstuaryWatch Monitoring Program including data interpretation and 
identify where EW can feed into decision making 
 Incorporate EstuaryWatch into estuary management systems 
 Engage in decision making and the planning system 
 Maintain EstuaryWatch program as established in previous years 
 Source sponsorship and roll-out to more estuaries. 
1.3 Current EstuaryWatch method 
The EstuaryWatch monitoring program, the subject of this review, currently measures: 
Twelve estuaries: 
 Entrance berm height during a closure 
 Entrance condition (open, perched, closed) 
 Weather condition observations 
 Photo monitoring of entrance  
 Five estuaries: 
 Turbidity (top and bottom) 
 Salinity (half metre intervals throughout the water column) 
 Temperature (half metre intervals throughout the water column) 
 Dissolved oxygen (half metre intervals throughout the water column) 
 Freshwater inputs at each site 
 Water colour 
It has also been assumed that the program is collecting information on pH, a recent addition. All 
results, observations and photos are then inputted by volunteers into an on-line database which is 
then validated by the team leader and the EstuaryWatch coordinator. 
2. OBJECTIVES AND METHODS OF THIS REVIEW 
This section details the objectives of this review and the methods that were employed to assess the 
program. 
2.1 Objectives of the review 
When the original EstuaryWatch program was established it was envisaged that it could be rolled 
out across Victoria. To enable this to happen this review of the existing program has been 
commissioned to assess all aspects of the EstuaryWatch program as they relate to the monitoring 
methods, data analysis, data usage and integration with other complementary Victorian 
Government estuary initiatives. 
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The review is to provide guidance to the Corangamite Catchment Management Authority in the 
future direction of the program and how it may be improved to achieve the original vision, aims and 
objectives and to examine how the program may be improved with a view to expand the program 
across Victoria. 
Excluded from this review is an assessment of the other major part of EstuaryWatch, Education, with 
its community engagement and education initiatives. 
2.2 Method of review 
This review has utilised the experience of individuals with a diversity of skills in the management of 
multiple aspects of estuaries within Victoria. 
The initial component of the review was a half-day workshop with the project team to establish the 
structure of the review and discuss the aspects of the program which had been successful or 
required additional work to meet the objectives.  
One of the key points from the workshop was how the EstuaryWatch program integrates with the 
estuary management tools that have been developed since 2006. To explore this, each of these 
programs were reviewed in light of the EstuaryWatch data that is being collected and assessed in 
terms of whether the EstuaryWatch program was able to provide valuable information to inform 
decision making it the current form, part of the vision for EstuaryWatch.  
The next step was to assess what the EstuaryWatch community groups have stated in their 
objectives at particular estuaries. A misalignment of the stated objectives of a community group and 
the objectives of the program create a risk to the longevity of the program at a particular estuary. 
For example, there is little chance that a community objective of reduced weed infestation adjoining 
an estuary will be met by monitoring the estuary entrance. In light of this there needs to be a review 
of what the principal data end user is, community or government. 
Once clear on the potential uses of the data an assessment of the data integrity was undertaken. 
The original methods manual was reviewed and then a sampling event undertaken to assess 
whether there were issues associated with the collection or recording of data. Each component of 
the method was assessed to determine whether it was fit for purpose. Quality Assurance and Quality 
Control methods were also assessed to identify other potential opportunities for error in data 
integrity. Following the review of the data collection methods a comprehensive assessment of the 
data entry, storage and interpretation was undertaken. 
A review of the previously collected data referenced the objectives stated in the EstuaryWatch plan 
and whether the current data fulfilled these objectives. In particular the review sought to identify 
whether the needs of all the end users (CCMA, DSE and community) were being met. 
Throughout each of the components of the review a series of recommendations have been made to 
enhance the EstuaryWatch program’s ability to meet the vision, aims and objectives. These 
recommendations were consolidated and prioritised utilising a risk matrix. 
3. DATA USE IN EXISTING PROGRAMS 
The information that can be gathered by EstuaryWatch can be valuable in understanding the 
variability of an estuary over time or compared to other estuaries. Water depth and characteristics 
influence the availability and quality of the habitats in the estuary and documenting this data over 
time creates a data set that enables scientists and estuary managers to make informed decisions. 
This section of the review examines how the EstuaryWatch data can be best utilised in existing 
management and monitoring frameworks. 
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3.1 Integration into existing estuary programs 
Since the launch of EstuaryWatch on 2006 there have been a number of estuary monitoring 
programs, decision support systems and assessment methods developed that rely on the existence 
of background or current data. This section will examine the data requirements of these assessment 
and management tools to determine whether the current EstuaryWatch program is suited to the 
task of providing this data or whether the programme may be improved upon to do so. 
It has become clear during the review that the data collected by EstuaryWatch can be utilised in two 
ways; short and long term management. For short term management this is best be described as 
reactionary where volunteers collect data, notice an anomaly compared to long term trends and this 
is reported for further investigation. This short term data reporting requires the collector to have an 
understanding of the typical limits and thresholds where problems may be apparent, and report to 
the management authority in a timely manner, the EstuaryWatch interpretation guide, currently 
under development, will assist here. 
Long-term data is used to develop a picture of the health of the estuary, over time and in relation to 
other comparable systems, and is stored in a central location to be analysed later. A healthy estuary 
is defined as one which retains the major ecological features and functioning of the estuary prior to 
European settlement and can sustain these features in the future. This is important for condition 
assessments, management plans and decision support systems. This longer-term trend data requires 
information on hydrological inputs to enable an effective assessment of the processes under certain 
conditions. It also requires that the monitored data is relevant to the measures of estuary health and 
this data is available in a way that can be readily interpreted. 
The assessment of the relevance of EstuaryWatch monitored data outlined within this section has 
assumed that data is collected at least monthly, is accurate and is in locations that meet the needs of 
the data user, principally the CMA and volunteer group. Information on how this is achieved is 
documented in the review of the estuary specific monitoring plans later in this document.  
3.1.1 IEC (Index of Estuary Condition) 
The Index of Estuary Condition (IEC) will ultimately complement the existing Index of Stream 
Condition (ISC) in estuaries by providing a consistent statewide assessment every six years of the 
environmental condition of estuaries. IEC is for the comparison of individual estuary condition 
change over time and condition verses other comparable estuaries. This will better enable: 
 Estuarine condition to be reported at regional, state and national levels 
 Prioritisation of resource allocation 
 Strategic evaluation of management interventions in estuaries 
 Risk assessments. 
The IEC has six themes: Water Quality; Physical form; Hydrology; Sediment; Flora; and Fauna with 
several measures within each theme to provide an overall assessment of estuary condition. Like the 
ISC, the individual measures are compared to a reference baseline, scored from 0 to 4 and 
aggregated to provide a score for each theme and an overall estuary score. Low scores indicate poor 
environmental condition. (Arundel et al 2009) 
IEC assessment, like the ISC, is done across the state once every six years. Data collection frequency 
varies with individual measures. Some data, like the naturalness of fish assemblages is collected in 
one or two snapshots once every reporting cycle. Data for many measures in the hydrology, water 
quality, estuarine water depth and flora themes needs to be collected continuously or frequently 
over the reporting cycle.  
The IEC is a scientifically robust method that requires high degrees of data confidence. To assess the 
data in detail the monitoring location of the data needs to be well defined and the methods reliable 
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and repeatable. The data collected is required to be available in a single database of excel 
spreadsheet format that can be readily interpreted. Ideally this would be available in a single 
downloadable file. The principal data collected by EstuaryWatch volunteers that is applicable to the 
IEC is the long-term continuous mouth monitoring, and monthly water depth profiling of dissolved 
oxygen and salinity, turbidity and the photographic record.  
The collection of relevant long term data sets by volunteers will assist in the development of an 
understanding of the conditions of within an estuary during different hydrological states and 
weather condition. EstuaryWatch adds to the data sets required by the IEC. 
Of particular relevance is the assessment of stratification development and oxygen levels throughout 
the water column during entrance closures and at various flow levels and weather states. The IEC 
also requires long term data on the entrance condition, in-flows, dates of closures and openings and 
whether the opening was natural or artificial. 
For EstuaryWatch to accurately assess the estuary, continuous in-flow and water level gauging is 
required to better understand the estuary state before, during and after openings. Water level data 
is being collected; however inflow monitoring is a data gap. The data being collected by the 
EstuaryWatch volunteers is suitable for long-term interpretation but requires additional 
continuously logged data to assist in the interpretation. This long-term data provides additional 
context to IEC assessors for comparison with IEC monitoring. 
Recommendations  
 Continuously log or volunteer derived freshwater in-flow data 
 More detailed estuary entrance condition data inclusive of berm dimension 
 Recording of artificial vs natural openings 
 Macro algal bloom monitoring (would require samples to be sent to a lab) 
 Fixed photo site monitoring of vegetation and habitat 
3.1.2 Estuary Entrance Management Support System (EEMSS)  
EEMSS provides estuary managers with a powerful tool for properly accounting for all of the likely 
risks involved with decisions to artificially open a river mouth, or conversely a decision not to 
artificially open. In addition to its use as a decision support tool, the EEMSS also provides sound 
guidance for the management of estuaries overall through the establishment of important baseline 
data such as records of river mouth openings, water levels, water quality data, and species lists. This 
information can be stored and queried through the database function of the system (EEMSS 
Manual). The Victorian Department of Sustainability and Environment are seeking to move all 
relevant estuary data to the Victorian Data Warehouse, therefore centralising water quality and 
quantity information. 
EstuaryWatch provides baseline data that can assist and refine the EEMSS information and 
understand the processes within the estuary to mitigate risks associated with an artificial opening. 
EEMSS has a focus on the ecological assets that surround an estuary and the social usage and values. 
The EEMSS process utilises data from a variety of sources including water chemistry, habitat 
availability, ecology, social and economic and combined with a comprehensive understanding of the 
historical water quality and physical characteristics. It is this last point and the social usage where 
the EstuaryWatch data can become useful. As with the IEC the interpretation of estuary process 
relies on a long term dataset that enables a comparison of conditions throughout a range of 
hydrological conditions and how the estuary responds to these. In particular there is a requirement 
to have data on the dissolved oxygen, stratification, entrance condition, dates of closure and 
entrance geometry to enable assessment of the conditions prior to a closure  
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Data collected by volunteers can provide a valuable supplement to the understanding of the estuary 
when combined with continuously logged data. The establishment of estuary specific information on 
stratification development and the conditions that persist during a closure aid in the interpretation 
of potential issues that may arise during a closure. As with the IEC, limitations to the data include the 
monthly frequency of the data collection and propensity to monitor at the shoreline. It may be 
advantageous to encourage monitoring of the entrance state after heavy rain, big seas or strong 
winds. 
The addition of fixed vegetation photo monitoring points and observations on the social usage 
(swimming, fishing boating) of the estuary may provide trend data that would be useful in the 
opening decision support and identify any changes to estuarine floristics and habitat inundation.  
It is not recommended that EstuaryWatch be utilised in triggering an EEMSS opening process. Whilst 
EstuaryWatch can provide valuable background data the monitoring for opening requires continual 
water level monitoring linked to a set datum, this is best achieved by data loggers linked to an online 
web interface, similar to the Bureau of Meteorology flood warning system. 
Recommendations 
 Establishment of vegetation photo monitoring points 
 Continuously log or volunteer derived freshwater flow data 
 Estuary water depth/elevation monitoring 
 Collection of data on social usage of the estuary 
 It is not recommended that EstuaryWatch be utilised in triggering an EEMSS opening 
process. 
 More detailed estuary entrance condition data inclusive of berm dimension 
 Fixed photo site monitoring of vegetation and habitat 
3.1.3 Estuary Environmental Flows Assessment Methodology (EEFAM) 
The primary objective of EEFAM is to define a flow regime which will maintain the ecological health 
of an estuary. A healthy estuary is defined as one which retains the major ecological features and 
functioning of the estuary prior to European settlement and can sustain these features in the future. 
The role of EEFAM is to build a recommended inflow hydrology, or flow regime, from the known 
dependency of flora, fauna, biogeochemical and geomorphological features on flow. EEFAM is an 
evidence-based methodology, where the flow regime is comprised of a set of flow components to 
which specific, environmental outcomes can be attributed. This bottom-up or 'building block' 
approach conforms with the asset based approach of the Victorian River Health Strategy, as do the 
IEC and EEMSS (EEFAM Manual 2006). 
The EEFAM method has a requirement to assess the flow relationship to the hydrodynamics of the 
estuary. This includes assessing the closure duration, stratification and inflow regime. During the 
method implementation there is a specification that there is a continuous fixed point flow data 
logging program established to gain a greater understanding of the hydrodynamics of the estuary. 
This data is utilised to calibrate the hydrodynamic model, which in-turn is used to create flow 
scenarios to meet the objectives of the flora and fauna. Due to the limited duration of the collection 
of such data, typically three months, there are limitations with regard to calibrating to multiple 
inflow and entrance conditions. Understanding the entrance conditions, including geometry, is vital 
in the EEFAM process. 
EEFAM requires basic information on the groundwater characteristics surrounding an estuary. 
Groundwater has a significant influence on the vegetation characteristics and developing an 
understanding of the variation enables a better picture of the factors that are influencing the estuary 
assets. 
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EstuaryWatch is effective in collecting regular data that is suitable both to the calibration of the 
EEFAM hydrodynamic model and gaining a greater understanding of the dissolved oxygen conditions 
that persist during a range of flow conditions. However, the EstuaryWatch data is less useful if there 
are no quantifiable records on inflow conditions and detailed entrance geometry (see 5.2.4 below) 
whilst records are being collected. It is also important that all data needs to be stored in a format 
that enables easy export of time series data at a particular location.  
EstuaryWatch salinity data is able to be utilised in EEFAM projects if the hydrological conditions are 
collected to put the data into context. In this regard either the volunteers need to assess the 
freshwater in-flows volume and entrance condition otherwise there needs to be a separate program 
established to do so.  
If the volunteers are to record the inflows then a rating curve and depth board will be required 
upstream of the estuarine reach. The alternative is the establishment of a continuous flow data 
logger.  
Incorporation of simple groundwater monitoring component by EstuaryWatch by volunteers at set 
boreholes is considered advantageous in terms of assisting the EEFAM process. 
The development of a hydrodynamic model in EEFAM requires a good understanding of the 
entrance geometry. Standard time series reference photography of the entrance condition will assist 
in development of the model boundary conditions, better still a quantified measurement of the 
entrance condition. Therefore it is important to measure entrance condition during open and closed 
phases.  
Recommendations 
 Continuously log or volunteer derived flow data 
 More detailed estuary entrance condition data inclusive of berm dimension 
 Collection of data on groundwater depth and salinity 
3.1.4 EMP (Estuary Management Plans) 
The purpose of an estuary management plan is to describe a vision for an estuary and define 
detailed strategies that should be undertaken over a 5 year timeframe to enable progress towards 
that vision.  
The development of the vision and the strategies requires an understanding of the current assets 
and the issues that may affect them. This information also feeds into the prioritisation process. 
The preparation of an Estuary Management Plan requires information on the ecological, social, 
cultural and financial assets and the potential threats to them. The ability to accurately assess the 
values and threats within an estuary requires data on the processes, in particular water chemistry 
and hydrology, that are present. Long term data collected by EstuaryWatch assists in painting a 
picture on the salinity regime, stratification and oxygen conditions during the open and closed, high 
and low flow conditions.  
During the preparation of an EMP much of the information and data required can be sourced from 
existing reports (eg flora and fauna), aerial photography, Victorian data warehouse and community 
observations. Information on water chemistry, hydrology, groundwater (depth and salinity), 
entrance conditions, social use and regular photo points are typically a data gap. 
Regular observations and data that is able to be presented in a time series format is very valuable to 
gain an appreciation of the estuary dynamics. The data collected by EstuaryWatch is suitable if it is 
presented with the relevant in-flow discharge and entrance conditions observations. Without these 
no assessment can be undertaken with regard to the conditions at time the data was collected 
preventing a meaningful analysis. 
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EstuaryWatch data needs to be presented in a format that can be interpreted in a manner that can 
be referenced against the antecedent conditions at the time the monitoring was undertaken. This 
requires a flow gauge or gauge board observation on the major freshwater tributaries of the estuary 
together with observations of the entrance geometry. Tidal and rainfall data can be sourced from 
other sources.  
Fixed monitoring sites monitoring vegetation condition will assist in the long term evaluation of 
estuary vegetation condition and potential changes that may be occurring. 
Recommendations 
 Continuously log or volunteer derived flow data 
 More detailed estuary entrance condition data inclusive of berm dimension 
 Collection of data on groundwater depth and salinity 
 Fixed photo site monitoring of vegetation and habitat 
3.1.5 Future Coasts 
The Future Coasts Program is led by the Victorian Department of Sustainability and Environment in 
partnership with the Department of Planning and Community Development. 
Climate change projections forecast that sea levels will rise over the coming century. In Victoria this 
will be felt through increases in the frequency and severity of extreme sea-level events such as 
storm surges, flooding and erosion, which will increase the risks to coastal areas. 
The Future Coasts Program is focusing on the physical impacts of sea level rise as a result of climate 
change. In Victoria this will be felt through increases in the frequency and severity of extreme events 
such as storm surges, flooding and erosion which will increase the risks to coastal areas. The coastal 
impacts of climate change as a result of changes to temperature, rainfall or ocean acidification are 
outside of the program scope. 
Future Coasts is responsible for developing policy frameworks to manage sea level rise and 
supporting land managers and decision makers whilst understanding how sea level rise will impact 
Victoria’s Coast (Future Coast Website). 
Future Coasts have engaged in a significant data collection program including preparation of a 
detailed digital elevation model of the coastal areas across Victoria. Information on the sea level, 
waves and storm surges are collected through a network on data loggers. This data is utilised in 
models that are able to predict the impacts on the coast. 
At the scale the Future Coasts Program works at the data they are collecting is sufficient for their 
requirements. However, at a local scale understanding the impacts surrounding a particular estuary 
requires a level of detail that is not currently being gathered. This is particularly the case for opening 
a closure frequency and berm heights. A long term time series of this information will, in the future, 
be valuable in interpreting the Future Coasts predictions, especially in the preparation of localised 
coastal management plans.  
The current method for assessing the entrance conditions will not provide enough data to be useful 
in determining berm dimensions. A more detailed method will be required, this is described further 
below. 
Recommendations 
 More detailed estuary entrance condition data inclusive of berm dimension 
3.1.6 EPA Water Quality guidelines 
The environmental water quality guidelines for riverine estuaries will support the sustainable 
management of Victoria’s estuarine ecosystems. They provide a framework and tools for assessing 
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the environmental condition of riverine estuaries. In this document there are guideline values that 
describe the condition of reference-quality estuaries and these can be used as an indicator for 
assessment of other estuaries (EPA Estuarine Water Quality Guidelines 2010).  
It is not likely that the data collected by EstuaryWatch will directly inform the EPA Water Quality 
Guidelines. However there are opportunities to utilise the guidelines in the interpretation of the 
EstuaryWatch data. This is explored in detail in the EstuaryWatch interpretation document. 
3.2 Summary 
The data collected by EstuaryWatch volunteers provides a useful set of background data to assist in 
the monitoring, evaluation and management of estuaries. However it does need to be presented in 
the context of the conditions within the estuary at the time the data was collected; currently this 
contextual data is missing and not in a form and location that is available to all. 
There are some additional parameters that would complement the IEC, EEMSS and EEFAM processes 
in particular. These include a qualitative assessment of the social usage of the estuary and the 
assessment of groundwater depth and salinity, a method for the latter is well documented in 
volunteer groundwater monitoring in the NSW Riverina. Improvement of the inflows and entrance 
condition information is essential to enable the effective interpretation of the data. Table 3-1 below 
summarises the proposed additions and how they influence the ability to meet the objectives of 
existing management programs. 
Table 3-1 Recommended additions to the EstuaryWatch program to meet objectives of existing 
management programs 
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4. COMMUNITY INVOLVEMENT 
Residents, regular tourists, school groups and one off visitors are all target stakeholders for 
EstuaryWatch. The involvement of the local residents in EstuaryWatch is essential to its success as 
they form the monitoring groups for their local estuary who collect the data that is then used for 
management of the estuaries. If the suggestions made in Section 2 of this document regarding 
integrating the EstuaryWatch data into estuary management tools and programs are implemented, 
volunteers will have a greater ownership and belief of the work they are doing is guiding the 
management of the estuary.  
4.1 Capacity for community to collect any additional data/ 
parameters with regard to training time and/or analysis cost. 
A workshop was held in November 2009 to investigate whether the recently formulated Draft Water 
Quality Guidelines for Victorian Riverine Estuaries (EPA, 2009) could be applied to the EstuaryWatch 
data. It was found that two parameters need to be monitored to be able to use the guidelines to 
their full potential and compare the estuaries to reference conditions. The two parameters that 
would need to be added to the monitoring regime are; pH (bottom of the water column), and 
conductivity (top and bottom of the water column). 
Matt Khoury has investigated whether pH and conductivity can be monitored at the required depths 
considering the cost, practicality, accuracy, reliability and efficiency of adding them to the 
monitoring regime. Also considered was the impact on extending the EstuaryWatch program along 
the Victorian coast. 
Three options were investigated, ranging in price, ease of use and reliability. The main problem with 
using the current equipment to collect the extra data is that the water is too deep at some of the 
monitoring sites. Option One was to upgrade the current YSI 85 meter to a multi probe that 
measures all of the required parameters, plus more at the required depths. This option is the best in 
terms of ease of use, reliability and meeting QA/QC requirements but it is also the most expensive at 
around $8,000 per meter. Option Two is to buy extra pH and turbidity meters that can be tied 
together with the current meters although this would cost an extra $3,000, monitors would need to 
learn to use extra meters, and errors may be introduced integrating the data sets. Option Three is to 
take water samples from the required depths using Van Dorn bottles and use the current meters and 
methods (as well as pH indicator strips) to test the water. This is the cheapest option at $300 per 
bottle but is the least accurate (using turbidity tubes and pH strips instead of calibrated meters), and 
has the same issues as Option Two. Option Three is currently being trialled in the Gellibrand River,  
Painkalac Creek, Hopkins River (in Glenelg Hopkins CMA) and the Powlett River (in West Gippsland 
CMA). 
Other things that the community have indicated that they are interested in collecting (and may help 
with volunteer retention) are detailed in section 3 and are summarised here. The main thing that is 
evident from the comments made by EstuaryWatchers is that they would like the data that they 
collect to be used. How they would like the data to be used varies from informing future 
management of the estuary including floodplain management, to protecting the estuary from 
current threats such as stormwater, industry impacts, sewerage overflows, water extraction, and 
weeds, to raising community awareness of the values of the estuary. Monitors are also interested in 
learning about estuaries and their extended ecosystem. 
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4.2 Effectiveness of current program in engaging community and 
raising awareness of estuaries. 
The following table contains the objectives from each of the Estuary Monitoring Plans. A plan for 
Kennett River has not been formulated yet. 
Table 4-1 Objectives from each of the Estuary Monitoring Plans 
 Understand the processes, 
ecology and community values 
of the estuary and whether 
they are changing over time. 
To determine 
changes in the 
estuary mouth 
conditions over time. 
Raise awareness of 
the local community 
about the health of 
the estuary 
Anglesea Rv. *   
Barham Rv. * * * 
Barwon Rv. *  * 
Erskine’s Rv.  * * 
Gellibrand Rv. *   
Painkalac Ck. *   
Skenes Ck.  * * 
Spring Ck. *   
St Georges Rv. * * * 
Thompson Ck. * * * 
Wild Dog Ck. * * * 
 
The Barwon EstuaryWatchers would also like to determine ‘is the estuary healthy?’. A healthy 
estuary is one that may not be pristine but has the major natural features, biodiversity and functions 
of the estuary present (Lloyd et al, 2009). Therefore, extra information may need to be collected to 
make an accurate assessment as to whether the Barwon River Estuary is ‘healthy’ or links developed 
with the IEC project. The extra information may be in the form of a once off survey of the major 
natural features, or a review/brainstorm of data that has already been collected, and information 
may be able to be gathered from other groups such as bird watchers and anglers as to the condition 
of those important fauna. The Swan Bay Integrated Management Committee may have already 
gathered much of this information.  
The majority of groups want to understand all aspects of the estuary and how it changes over time. 
Current information that is being collected could help to understand the processes and ecology of 
the estuary but the data may not be helping volunteers to understand about the community values 
of the estuary, unless that is being measured by the volunteers themselves. The database needs to 
be improved so that changes in processes can be tracked and interpreted more easily. 
Changes in the estuary mouth are important for the least number of groups (6 of the 11). The 
condition of the estuary mouth is being measured but the current database doesn’t analyse or 
identify changes over time. 
Word of mouth from volunteers is probably the best medium for raising the awareness of the local 
community about the health of the estuary although for this to happen, the volunteers need a sound 
understanding themselves of what is happening in their estuary. The Estuaries Unmasked series of 
lectures will also raise awareness but most likely only in the area that they are being held in. 
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The following section examines in more detail the objectives of the volunteer groups and compares 
them to the objectives of the EstuaryWatch program. 
4.3 Highlighting and improving the connection of volunteer 
motivation to value of monitoring and therefore the longevity of 
program. 
A follow-up of the volunteers objectives or expectations will assist in determining whether 
expectations are being met and how things can be improved. The more closely aligned the 
objectives of the volunteers and the EstuaryWatch program, the more likely it is that the program is 
a continued success. A few key points have been taken from the individual estuary plans and 
comparisons have been made with the EstuaryWatch aims. This information may then be used to 
narrow any gap between expectations from volunteers and from EstuaryWatch. The EstuaryWatch 
objectives are to: 
 Consolidate the EstuaryWatch Monitoring Program including data interpretation and 
identify where EW can feed into decision making. 
 Incorporate EstuaryWatch into estuary management systems. 
 Engage in decision making and the planning system. 
 Maintain EstuaryWatch program as established in previous years. 
 Source sponsorship and roll-out to more estuaries. 
Whilst the original focus of EstuaryWatch was on education, the focus has shifted to monitoring and 
gaining a good dataset to be used for future estuarine management. The intention is to then use this 
information to raise community awareness and in educational programs (M Khoury 2010, pers. 
comm., 8 December). These changes in focus could be an advantage to provide interest to 
volunteers and to attract different types of members, but only if they are kept informed. The shift in 
focus from education does not mean that volunteers can’t educate their local community through 
word of mouth or that education can’t occur between volunteers or between local interest groups 
such as bird watchers or landcare groups.  
Anglesea River: 
The Anglesea EstuaryWatchers would like the information that they gather to be used: 
 To address any problems associated with the estuary. 
 For long-term decision making for the estuary. 
 To help with the health of the estuary, particularly in regards to impacts from stormwater 
and industry. 
 To raise awareness of the environmental and cultural values of the estuary. 
The objectives of the Anglesea EstuaryWatches are aligned with that of EstuaryWatch, although the 
information currently being collected by the group is insufficient for the impacts of stormwater and 
industry to be identified. If the type of impact of concern is litter from stormwater then litter traps 
or surveys at each monitoring event may assist, but if the concern is about water quality then more 
intensive monitoring would need to be carried out. The importance of this issue should be gauged 
within the group to determine whether the issue is worth pursuing. 
Whilst awareness raising isn’t a current focus of EstuaryWatch at this particular time, awareness is 
being raised by having a team of volunteers monitoring the estuary and hopefully informing their 
‘sphere of influence’ as to the values of the estuary. At present, the cultural values of the estuary are 
not specifically being measured but the importance of the estuary to the community could be 
gauged by surveys on its use, both past and present. 
 
Corangamite CMA 
158701R02v01 
 
1587-01 / R02v02 13 
Barham River: 
The Barham River EstuaryWatchers would like the data to be used to make sensible decisions 
especially regarding floodplain development. 
Whilst the data that is collected by volunteers is used to better manage the estuary, the data 
currently collected may not be adequate to inform appropriate floodplain development, unless what 
is being referred to is appropriate artificial river mouth openings. Section 2.1.2 of this document 
discusses the role that EstuaryWatch data can play in contributing to the Estuary Entrance 
Management Support System, ie, by providing supporting information but not informing the 
decision making process.  
Barwon River: 
The Barwon EstuaryWatchers became involved to: 
 Contribute to a scientific approach to monitor the estuary. 
 Learn more about the Barwon Estuary but also help collect data that will be useful in the 
estuary’s good management in the future. 
 Learn how bird life relates to the health of the estuary and about the aquatic life. 
 Link EstuaryWatch monitoring to work with SBIMC (Swan Bay Integrated Management 
Committee) and determine if there are any correlations. 
The Barwon EstuaryWatchers’ objectives are aligned to that of EstuaryWatch although the 
educational component may not be being supported at present. Creating links with a bird watchers 
group and/or the Marine Discovery Centre in Queenscliff and/or the SRIMC may help to expand the 
knowledge base of the volunteers and create interest in EstuaryWatch from other likeminded 
groups. 
Erskine’s River: 
Erskine’s River EstuaryWatchers want to help take care of the Estuary and limit impacts. 
The current objectives of EstuaryWatch incorporate the Erskine’s River EstuaryWatchers objective of 
helping take care of the estuary by using the data that they collect to inform future estuary works 
and projects.  Assuming that the group would like impacts on the estuary to be limited through 
community education of the importance of the estuary, the current EstuaryWatch objectives don’t 
align. If there are specific impacts that the group would like to limit and the results of the impacts 
are not being addressed, then the potential to monitor additional parameters should be 
investigated.  
Gellibrand River: 
The Gellibrand EstuaryWatchs have a diverse range of expectations from participating in 
EstuaryWatch. They would like to: 
 assist to protect the water quality of a river that is swum in regularly; 
 focus on improving water quality and turbidity in the top section of the estuary and 
investigate the effect of water extraction on estuary mouth closure.  
They are involved because they believe that: 
 Knowing what is in the estuary allows for better management of the estuary. 
 Monitoring may help explain the anecdotal information that suggests there are less fish and 
other general changes such as increases in salt tolerant species on river bank etc. 
 Monitoring data will assist in providing background evidence for works to be done. 
Monitoring hasn’t been done before, there is always something to improve in the estuary 
and to do that we need data. 
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 Weeds are coming into the estuary and sand dunes which are toxic and would eventually 
like to look at these weeds through additional EstuaryWatch monitoring. 
The information that the Gellibrand EstuaryWatch Group collect should assist in protecting and 
potentially improving water quality in the estuary. Extra analysis of the current data may provide 
some explanation for a decline in fish numbers and an increase in salt tolerant vegetation. Additional 
weed monitoring of the estuary should be supported if possible.  
Painkalac Creek: 
The Painkalac Creek EstuaryWatchers want to collect data because: 
 They perceive there is no data at the moment and need to know and understand the 
estuary. 
 The establishment of a database that can be added to is important. 
 The data will assist environmental management decisions that are made now and in the 
future. 
 The estuary is at the end of the catchment so the information is useful for management of 
the entire catchment. 
 To inform environmental flows for the estuary 
The Painkalac Creek EstuaryWatchers’ objectives are closely aligned with the EstuaryWatch 
objectives. The information collected could be applied to EEFAM & IEC & EEMSS &EMP, along with 
other data to determine appropriate environmental flows for a healthy Painkalac Creek estuary. 
It should be noted that significant data does exist for Painkalac Creek and the group may benefit 
from having access to it. 
Skenes Creek: 
Skenes Creek EstuaryWatchers want to make sure data is collected so action can be taken as needed 
to improve it’s in stream and riparian health. 
As only the mouth condition and not the water quality is being monitored in Skenes Creek, the 
groups objective is unlikely to be met, although the riparian vegetation will be affected by the water 
height in the estuary which is being measured. 
Spring Creek: 
The Spring Creek EstuaryWatchers are focused on protecting the estuary from: 
 Human impacts 
 Development in the region 
 Stormwater flows 
 Sewerage overflows 
They are keen to establish a baseline of information on the estuary so that they know what is normal 
and to empower the community. 
The information that the Spring Creek EstuaryWatchers are collecting is a useful baseline and could 
be used for community education in the future. Whilst water quality information is being collected in 
the estuary, other parameters would need to be monitored such as nutrients and bacteria, as well as 
inflows and landuse mapping to determine the impact of development, stormwater and sewerage. 
Again, data exists on landuse impacts as developed by the Estuary Threats project. 
St George River: 
The St George River EstuaryWatchers believe that the estuary is pristine and that the EstuaryWatch 
program helps keep it that way. 
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The EstuaryWatch program will assist in keeping the St George River estuary in an ecologically 
healthy condition by raising awareness of the estuary in the community and future educational 
activities could use this estuary as an example of a healthy estuary. 
Thompson Creek 
The Thompson Creek EstuaryWatchers enjoy doing the monitoring and believe that the estuary is a 
special place and that by participating in the EstuaryWatch program they are keeping it in its current 
condition. Collecting data will also help to inform others. 
The data that the Thompson Creek EstuaryWatchers are collecting will help to protect the estuary by 
assisting with identifying any changes that occur but for this to be most effective the data should be 
reviewed and analysed regularly. Educating the community, both formally and informally of the 
importance of the estuary will also protect it by reducing impacts.  
Wild Dog Creek 
The Wild Dog Creek EstuaryWatchers haven’t documented their objectives for the estuary and their 
expectations for the EstuaryWatch program as yet. 
Recommendations for improvements 
Whilst a survey has not been conducted to gauge the opinion of volunteers feelings towards the 
program, the level of alignment between volunteers objectives and the objectives of EstuaryWatch 
suggest that there is probably a good level of connectedness between the volunteers and the 
program. This conclusion supports the opinion of the EstuaryWatch coordinator, (M. Khoury, 2010, 
pers. comm., 8 December) that in general, volunteers are happy with the program but that to ensure 
that volunteers remain with the program and new volunteers are recruited, the results of the data 
that is being collected needs to be disseminated within the community. This would be aided by more 
coordinator support, better interpretation and education tools, and better community awareness 
raising tools. The information found within this document and the currently developed ‘Interpreting 
Estuary Health’ document will also assist in supporting the volunteers and the EstuaryWatch 
coordinator and educating the community of the importance of estuaries. 
Some of the differences between the volunteers and the program that could be addressed to 
enhance the EstuaryWatch program are: 
 If the focus of EstuaryWatch shifts, as it has in the past from education to monitoring, this 
should be explained to the volunteers to circumvent disillusion with the program.  
 Core data should be monitored and collected but there should also be some scope to 
customise and collect additional data that is of interest to the group. A risk approach could 
be used to help volunteers objectively identify threats to the estuary and therefore identify 
what extra parameters need monitoring. If this was to occur, it would need to be made clear 
that it’s being collected for the volunteer groups to use, and may not necessarily be used by 
the EstuaryWatch program and would require a more flexible database than is currently 
used. 
 The operational constraints of the EstuaryWatch program should also be explained to the 
volunteers so that they understand that even if an issue is identified within an estuary, a 
response from the program may not be immediate as works need to be prioritised within 
the region. 
 The EstuaryWatch co-ordinator, Matt Khoury (2010, pers. comm., 8 December) has also 
identified a deficiency in the amount of support given to volunteers, and the amount of 
feedback given to volunteers and other stakeholders regarding the use of the data that they 
collect. If volunteers are kept informed as to what the data that they collect is being used 
for, they are more likely to continue to volunteer and recruit other volunteers.  
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 Provision of current relevant data on the condition of their estuary. Many of the assertions 
of the volunteers are incorrect in terms of estuary condition or data availability. 
 Provision of current relevant data on the condition of their estuary. Many of the assertions 
of the volunteers are incorrect in terms of estuary condition or data availability. 
5. DATA INTEGRITY 
The long-term success or continuation of the EstuaryWatch program relies on the data being utilised 
in the management of estuaries. Opportunities for the use of the data have been presented in 
Section 3 above. For the data to be used there has to be a level of confidence that the data is 
accurate and that it can be relied upon, both through robust methods and quality assurance. This 
section reviews the current methods and provides recommendations on the potential 
enhancements. 
5.1 Monitoring plans 
Prior to the commencement of the monitoring of an estuary the EstuaryWatch coordinator prepares 
a monitoring implementation plan for the volunteers. This plan details the locations of the 
monitoring, including mud maps of the photo monitoring point locations, the aims and objectives of 
the volunteer group.  
The plans are comprehensive and provide good advice on the potential risks to monitors associated 
with each site, how these risks can be mitigated is not included. There may be opportunities to 
include some background information on the estuary. This can include catchment characteristics, 
aerial photography or maps of the monitoring sites. It would also be beneficial to include references 
to existing documents that are available for the estuary; eg Estuary Management Plans, vegetation 
maps, catchment elevation models, estuary extents and threats etc. 
Recommendations  
 Include risk mitigation in the plan 
 Include map & air photo of the estuary to assist with the interpretation of the site 
 Provide background information on the catchment and the estuary 
 Reference any management plans or further reading on the estuary 
5.2 Methodological integrity 
5.2.1 Turbidity tube 
Two components of the use of the Turbidity Tube will be examined here. Firstly, is the tube effective 
in measuring for the outcomes of EstuaryWatch, and secondly, is the data recorded presented in a 
way that can be used to enable interpretation of the health of the estuary. 
The use of a turbidity tube is an effective method to measure turbidity in riverine situations. 
However, estuaries are often clear water systems, reflected by the EPA estuary trigger levels below 
10NTU (EPA estuary guideline value annual medians are 5 and 7 NTU top and bottom respectively). 
As the turbidity tube has a minimum measurable limit of 10NTU this renders it ineffective as a tool 
measuring to EPA guidelines. This is not to say that it is not useful in the EstuaryWatch program if 
the objective of the program is not to report against these guidelines. As this reporting is not 
currently defined as the objective of the EstuaryWatch programme then the current method is 
considered appropriate for the task.  
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A review of the data collected to date has identified that the current reporting documents a range of 
values. This creates difficulties in the interpretation of the data as ranges are unable to be plotted 
effectively in time series. 
To assess how other users of Turbidity Tube users overcome this Waterwatch and Streamwatch 
methods were reviewed. NSW Streamwatch uses the same turbidity tube method but specifies the 
higher number is recorded; whilst Victorian Waterwatch suggests the volunteer estimate a number 
within the range, taking into consideration the log scale. Either method has merit as long as it is 
consistently applied. The Stream Watch method will always provide a conservative reading whilst 
the Waterwatch method may be more accurate, assuming the log scale is accounted for 
appropriately.  
An alternative is to change the method in favour of a turbidity meter or Secchi disk. Both of these 
methods have their own constraints. The former is costly and requires calibration whilst the latter 
becomes ineffective in shallow water, an issue at many of the estuary sites and there are no 
guidelines to assess the health of estuaries with this method. 
Recommendations 
 If reporting against EPA guidelines is a future objective of EstuaryWatch then turbidity meter 
will be required and the method manual changed to reflect this recognising the costs and 
constraints. 
 Continued use of the turbidity tube will require the recording of data in line with the 
Streamwatch method where the higher value (last value passed) is recorded or Waterwatch 
where an estimation off the log scale is determined. 
Additional equipment required 
 Turbidity meter if recording against EPA guidelines 
5.2.2 Freshwater inflow 
Freshwater inflow is currently estimated at all sites monitored. The review of the monitored data 
has indicated that the current method for estimating in-flow is considered misleading in the way it is 
being interpreted. As it stands the freshwater inflow is a site based assessment, that is, every site 
has to consider in-flow. Following a review of the collected data this is leading to misleading 
information being recorded. For example, in some cases freshwater flow can be recorded when the 
tide is the driving feature or pooling recorded when the estuary is closed yet filling with freshwater. 
It would be more suitable to either undertake an assessment of flow at the major tributaries or rely 
on data collected by others (eg. DSE Data warehouse flow gauge).  
If the flow is to be assessed by volunteers it can be estimated by setting up a gauge board at a 
tributary point outside the tidal or pool influence of the estuary and preparing a rating curve for that 
location. Volunteers would then be required to note the water level once during the assessment day 
if the site has suitable access. 
Recommendations:  
 Freshwater inflows monitored at major upstream estuary in-flow points only 
Additional equipment required 
 Gauge stations or boards at major in-flows 
5.2.3 Photos 
The importance of the photo monitoring points cannot be understated. It provides a reference to 
the conditions that the monitoring was undertaken in and a visual time series at the monitoring 
point location. Whilst a method for standardising the photo points has been included in the 
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EstuaryWatch Manual there are a number of opportunities to improve the current photos that are 
taken to enhance their usefulness. For photos to be used in a time series format they need to; 
 be in a set location and direction, possibly from a set post (Figure 5-1); 
 have enough information on the location and direction to be repeatable by multiple 
photographers; 
 be numbered/named to enable sorting;  
 be of a high enough resolution for use in printed reports; and  
 taken every time a monitoring task is undertaken.  
At present the photos for a number of sites are of a low resolution and are not named in a way that 
enables interpretation. This is compounded in that when they are downloaded from the 
EstuaryWatch database they adopt the date and time that they were downloaded, not the date they 
were taken. 
 
Figure 5-1 Example of a set photo monitoring post 
Recommendations 
 Set photo points are established and well documented, possibly from a set photo post  
 Numbering follows a standard format eg. Estuary_yymmdd_site_bearing. Therefore 
Thompsons Creek on January 31st 2011 at the entrance facing west might be 
TC_110131_1_270.jpg 
 Photos are a minimum of 500kb 
 Site photos are part of the monitoring at every site. 
Additional equipment required 
 Compass 
 Monitoring posts 
5.2.4 Entrance condition 
The entrance condition data is valuable in terms of assessing the processes that are occurring within 
the estuary and enabling interpretation of the water quality and hydrodynamics across a time series 
of measurements.  
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As defined in the current method the water level, sea state and weather all provide valuable 
information in interpreting the estuary. Supplementary information can provide additional 
interpretive guidance.  
The entrance condition assessment is broken up into a number of discrete parameters which are 
assessed below.  
Berm height (entrance condition) 
The current berm height data only provides useful information when the estuary has closed or is 
nearing closure. There are significant benefits, especially for the EEFAM listed above, in also having a 
more complete picture of the estuary entrance geometry whilst the estuary is open. A better 
understanding of mouth geometry and water heights in estuary, record of change in mouth 
geometry that can be related to both frequency and duration of both natural & artificial openings is 
important to EEFAM, IEC & EEMSS. 
The method in the EstuaryWatch manual establishes one short long-section (in-line with the flow) 
over a representative section of the berm. This is only referenced to an elevation height of the water 
and has no spatial information, ie. Where is the berm on the beach. 
There are many options to improve the berm height measurements to provide a long-term 
assessment of the sand build-up and loss at the estuary entrance. The most comprehensive method 
has been adopted by the Glenelg Hopkins CMA, this involves undertaking a full detailed survey 
referenced to a benchmark. This survey method provides a substantial amount of data on the sand 
volumes at the estuary entrance and enables the CMA to accurately quantify estuary entrance 
channel dimensions. This survey method is worth consideration in the future for the major estuaries. 
Another simpler more cost effective, although far less accurate, option would be to use a set post 
benchmark with a fixed mounting screw and a laser rangefinder such as that in Figure 5-2. The fixed 
post enables the “survey” cross section to be referenced to a known height on a known bearing. This 
option provides significantly more information than the current single long section and can be 
replicated at the same location enabling long-term comparisons.  
 
Figure 5-2 Example of a laser range finder 
When the estuary is open, and safe to cross, the same method can be used to assess the dimensions 
of the channel (Figure 5-3). This is useful data for the EEFAM assessments that is not currently 
collected. If the estuary is not safe to cross then the channel width can be measured with the 
rangefinder and depth estimated.   
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Figure 5-3 Fixed post measurement of the entrance dimensions 
Recommendations 
 Develop the entrance method to enhance its repeatability and detail 
 Monitor the entrance geometry during the open and closed conditions 
Additional equipment required 
 Rangefinder 
 Compass 
 Set post 
5.3 Weather conditions 
The current collection of weather condition information is suitable for the interpretation of the 
water quality data and can be utilised to assess if there are any anomalies.  
What would add significant value to the interpretation is the collation of the daily rainfall totals, flow 
record and tidal data. This information is available for many estuaries and accessible through other 
Federal or State government departments. Whilst it is not anticipated that it would used 
immediately in the interpretation of the estuary it does provide a context to the conditions within 
the estuary. 
Recommendations 
 Link data on other websites to the EstuaryWatch website with the use of embedded html 
code 
5.4 Water colour (Ule Scale) 
The monitoring of water colour provides valuable information on aspects of the water quality within 
the estuary. A review of the available data on the EstuaryWatch database has revealed that the ULE 
Scale data is not being recorded or entered by a number of the volunteer groups. The reason for this 
requires further investigation. 
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Recommendations 
 Investigate the lack of data collection of water colour 
5.5 General observations 
The general observations information collected would benefit from some standardisation and 
prompts. At present there are many comments that have limited relevance to the management of 
the estuary whilst others would have required an immediate follow-up.  
The placement of comments into categories will assist in focusing the comments into information 
that can inform the processes within the estuary. 
It is suggested that the observations be broken up into; 
 Hydrology (flooding/storm surge) 
 Weather 
 Fauna 
 Equipment 
 Algae 
 Stratification 
 Community use 
 Odour 
 Other 
On the EstuaryWatch database, each observation category should have an ‘urgency’ flag to draw the 
attention of the EstuaryWatch Coordinator to any immediate problems that require urgent 
attention. As identified in Section 3.1.2 (EEMSS) there are benefits to collecting numerical data on 
the number of users of the estuary. This can be split into boating, fishing, swimming.  
Recommendations 
 Split the comments section into relevant headings to focus the comments 
 Add an urgency flag for immediate follow-up 
 Add a field on the data collection sheet on community users of the estuary 
5.5.1 Van Dorn 
The Van Dorn (Figure 5-1) water-sampling bottle is designed for taking samples at depth. The 
sampler is lowered to the desired depth and a weight on the rope triggers the rubber closure seals. 
The water is then retrieved and samples tested at the surface. 
The Van Dorn sampler is well suited to the task for the purposes of EstuaryWatch. As with any 
monitoring method care is required not to stir up the sediments on the bed of the estuary.  
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Figure 5-4 Van Dorn auto sampler 
5.6 Sampling devices and their calibration 
General water quality meters 
EstuaryWatch volunteers are supplied with one of two water quality meters, the Hach and the YSI. 
Both meters monitor the depth, conductivity, dissolved oxygen and temperature. As with most 
water quality monitoring devices there is a requirement on the frequent calibration of the meter to 
ensure there is integrity in the data that is being collected. Both these devices are considered 
adequate for undertaking the monitoring within EstuaryWatch and provide reliable data. 
EstuaryWatch have a strict calibration and Dissolved Oxygen membrane replacement program. This 
is reflected in the training program and the data entry forms. Calibration is undertaken at each 
monitoring event and this is recorded.  
pH meter 
Recently EstuaryWatch has incorporated the monitoring of bottom and surface pH. This is soon to be 
undertaken with a pocket pH meter, which is suitable for the task. Benthic water is retrieved with 
the Van Dorn. The measurement of pH is a valuable inclusion into the monitoring program and will 
provide useful data for comparison with the EPA guidelines especially in estuaries susceptible to acid 
sulphate soils. 
Recommendations 
 Continue with the calibration and membrane replacement protocols currently 
established 
5.7 General QA/QC 
The EstuaryWatch Data confidence plan, 2009, documents the program and the processes in place 
to ensure the data that is recorded by volunteers can be relied upon. It is clear that there has been a 
significant focus on ensuring that the data is reliable.  
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There is a comprehensive training program in place for volunteers with formalised testing on the use 
of monitoring equipment, recording of information, calibration and data entry.  
Records are available on the annual servicing of kits and six monthly calibration workshops where 
test kits are compared and further update training provided. Calibration of equipment and the 
replacement of sensors are well documented. 
Overall the focus on quality of data is to be commended and no further recommendations are made 
in this regard. 
6. REPORTING/DATA PRESENTATION 
As highlighted earlier within this report the data that is collected by the EstuaryWatch volunteers 
has many potential users and uses. These users will have a wide range of experience in the 
interpretation of water quality related data and have differing uses for the data.  
6.1 Identification of the audiences and whether their data needs are 
being met 
6.1.1 CMA staff and estuary managers 
For those that have a great deal of experience in the interpretation of the data it is important that 
the data is available in a centralised and easily accessible form, downloadable in a single Excel file 
that requires little modification to enable interpretation. In essence this requires that the Excel 
output is in a format whereby there is one row for each monitoring record with all the data 
presented in columns, this is not the case at the present. The current download has multiple rows 
per site rendering time series interpretation a time consuming process as it requires a full manual 
reformat of the data. There is also a loss of time and date data with downloads from the website. 
In addition, each numeric data value must not be a range (eg. 10-15) or have a alpha-numeric entry 
(eg. 10cm and <10). Use of these values prohibits the graphing of data.  
Photos should also be available either individually or in a .zip format number in as per the 
recommendation in section 5.2.3 above. Data presented in this way will enable the user to 
manipulate and interpret it without additional formatting and unnecessary handling. There will be a 
requirement to review all data collected to date to enable this to occur. 
It would be very useful to have the other supplementary data, such as rainfall, tide and flow, 
available on the EstuaryWatch site to assist with the interpretation.  
Recommendations 
 Change the input database to disallow ranges or alpha values in monitored data 
 Ensure the measurement units are presented in all outputs 
 Name photos in way that enables referencing to estuary, site and date 
 Present all site export data in column format in excel 
 Collate photos in .zip format to enable easy download 
 Check the format of data and time in the exported files 
 Split the date and time fields in the data entry 
 Add a top and bottom field in the data entry database for salinity and dissolved oxygen 
 Add (or at least link to) other sources of data 
 Some volunteers collect and enter multiple sets of data for one site on the same day, this 
causes issues for data interpretation; therefore only one data set is to be entered to avoid 
data presentation issues. 
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6.1.2 Volunteers and general public 
Volunteers and the general public require, on the whole, the data to be presented in a manner that 
undertakes the much of the interpretation for them with some description and interpretation. It is 
considered particularly important to present the data in a time series manner that displays the water 
quality in the context of the hydrological condition of the estuary. Figure 6-1 demonstrates an 
output of salinity data that incorporates flow. 
 
Figure 6-1 Example time series plot of relationship between flow and salinity in the Gellibrand 
(Estuary entrance was opened on 11/5/2008). Data sourced from EstuaryWatch. 
Just from looking at Figure 6-1 a volunteer can determine that the estuary is strongly stratified at 
low flows (below 600ML/D) and fully flushed at flows above 1000ML/D at this location. Immediately 
before an opening the estuary is fully mixed seawater, followed by a flush of freshwater as the 
estuary opens and then a quick return to a stratified situation when the tidal influence returns. This 
is also an important set of information for the EEMSS database as it identifies the processes at play 
before, during and after an opening. 
If the estuary entrance information is attributed with a numeric value (eg. Open 2, Perched 1 and 
Closed 0), then this too can be represented graphically, Figure 6-2. The combination of this 
information enables a volunteer, or community user, the ability to interpret the trend data and 
gauge if there are issues occurring at a particular point in time.  
Whilst the data collected by volunteers throughout the whole water column is useful in closely 
examining the halocline development (eg for use in EEMSS), the volume of data is overwhelming for 
trend analysis assessment. It is recommended that only surface and benthic results are presented in 
the graphical format, those that have an interest in the additional data are able to download the full 
dataset and manipulate it in excel. 
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Figure 6-2 Representation of open (2), perched (1) and closed (2) of the Anglesea Estuary. 
The data collected to date does not readily provide interpretative information in a format that can 
be used by volunteers. This is a priority action for the program. There will be a considerable amount 
of work getting the collected data into a format in the database to enable this to occur. 
Recommendations 
 Format the data so that it may be exported and graphed with flow data from the Vic Data 
Warehouse (this may be able to be automated), where available, or from flow data recorded 
in the field 
 Attribute the entrance condition with a numeric value so that it can be represented in a 
graphical form with water quality data 
 Enable the website to produce graphs such as Figure 6-1 at the push of a button or 
presented as a static graph. 
6.2 Review of the database 
The EstuaryWatch database has been assessed for usability both in terms of data entry and data 
retrieval. Following discussions with DSE it is envisaged that eventually the EstuaryWatch data will 
be housed on the Victorian Data Warehouse. 
6.3 Data entry 
There are two components to the review of the data entry. Firstly the data integrity, are there 
potential errors in the transcribing of the data from the field sheets to the database and are checks 
in place to ensure they are minimised. Secondly, is the data entered in a timely manner that ensures 
up to date information can be utilised by estuary managers or other users. 
Data entry was straightforward with minimal opportunities for errors to occur in the transposing of 
information. The photo upload would make the standardised naming of photos a very easy task. As 
referred to above it would be useful to have the comments sections split into multiple categories to 
assist with sorting and interpretation. 
Data integrity 
There are always potential errors associated with the transcribing of data and this can be minimised 
with the use of drop down menus, an approach that has been utilised in the EstuaryWatch database 
(Figure 6-3). 
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Figure 6-3 Example data entry screen 
The current checks on the EstuaryWatch data require that the entered data is checked and approved 
by the Team leader and the Coordinator. Whilst this is considered double handling and may delay 
the data becoming live, it is more than adequate in terms of minimising errors. If the EstuaryWatch 
program is expanded across Victoria this multiple checking may become a problem reducing the 
efficiency of the coordinators.   
A general observation on the units of measurement was also noted during the review. Where 
possible all units should be consistent and listed. In particular depths in both centimetres and metres 
have the potential to cause errors.  
Recommendations 
 Review the requirement to double check all the data entered for every site 
 Maintain consistency in units in the database entry 
6.3.1 Data export 
Graphed results on the website interface are currently displayed for a particular sampling event not 
across a time series date range, such as a year. This does not enable the users to examine trends in 
data or compare the results to various hydrological states or undertake any meaningful analysis. 
As identified above, when exported to excel from the website the data loses the date and time 
format, represents numbers as text and utilises rows rather that columns for site data (Figure 6-4). 
This compromises the ability to interpret and graph the data without significant manual work. A 
preferred export format, either for individual parameters or the full dataset is presented in Figure 
6-5. Presenting all the data in a column format enables the rapid graphing of results and importation 
of additional parameters, such as flow, via VLOOKUP commands in Excel. Typically this would be 
undertaken using the date as the reference; therefore separating the date and time is suggested. 
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Figure 6-4 Current export format 
 
Figure 6-5 Proposed export format 
The current method for downloading data requires the user to download each parameter 
separately; this is time consuming and involves double handling if the user needs to examine 
multiple parameters. One excel file for all data, with each sampling event represented as a single 
row, will simplify the process and be more user friendly. In some cases this exceeds the number of 
rows available in excel. In this case data sorting within the columns in the excel sheet is an 
appropriate fix. Some work has already been undertaken to remedy this.  
Recommendations 
 Enable the graphing of results over a specified time 
 Separate date and time fields 
 Export data in single row per monitoring event in Excel (this may require exporting the top 
and bottom data only and making the full profile data available only in a database format) 
 Ensure all numerical data is exported as numerical not text data 
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6.4 Website interface 
It has been assumed that the website has a range of users and therefore will be required to present 
data in a range of formats targeted to different levels of knowledge and understanding. These users 
include: 
 Community EstuaryWatch volunteers with a reasonable understanding of the issues and 
water quality, their principal requirement is to check how the estuary is changing over time 
and be able to interpret the data without too much effort; 
 School groups and general community who require a snapshot of information, they will not 
be undertaking any detailed interpretation but are seeking qualitative information on the 
estuary condition; and 
 Government, researchers and consultants who require access to the raw data in a single and 
organised format to undertake the analysis independently of the website. 
At this stage the EstuaryWatch on-line database website is not adequately meeting the needs of any 
of the users. However, the structure of the site is good and the use of the Bing Maps link to the 
individual data at sites works well and provides the user with a straight forward way in which to 
locate the relevant site.  
There are obvious advantages in presenting site monitored data in a time series graph format to 
enable community users the ability to immediately assess changes within an estuary over time, this 
should be presented with information on the entrance state and flows/monthly rainfall. The current 
output (which is not working) presents graphed data on a particular monitoring event. This requires 
the user to undertake multiple queries to establish a trend. A simpler method would be to remove 
the user selection of the graph type and just present all the time series graphs on the interpretation 
page, automatically updating as newly collected data is entered. The interpretation document 
information can then be presented in the same location enabling a one-stop-shop for estuary 
interpretation. 
A more detailed summary of each estuary would also be beneficial, as would a selection of photos 
embedded within the site summary together with some annual interpretation reporting. Additional 
information on the geomorphology (eg from OzCoasts), community uses, flora and fauna will assist 
in painting a more detailed picture of the estuary and the processes that are affecting water quality. 
Ability to download all data in one click in one excel file and .zip file of annual photos would be 
useful to anyone wishing to look more closely at, and interpret, the data that has been collected.  
6.5 Exploring other data sources 
There are many opportunities to enhance the estuary interpretation capabilities of the volunteers, 
and community more broadly, through some additions to the website. First of these is the 
interpretation document being prepared concurrently with this review. Another opportunity is 
providing links to other sources of data to assist in the interpretation of the estuaries.  
These sources of data include sites such as the Bureau of Meteorology (tides and weather), 
Weatherzone (rainfall), DSE data warehouse (flows and nutrients), nearmap (aerial imagery), 
baywx.com (waves and wind for Victorian coast) and many more.  
Recommendations 
 Time series graphs for all parameters, for each site, to be incorporated on the site page  
 Single data download button for each site incorporating all data in excel and photos split 
annually 
 Incorporation of a more detailed summary of each estuary 
 Links for EEMSS, IEC and EFAM information 
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 Links to other sources of data (rainfall, flows, tides, water level) located on other websites 
 Links to estuary management planning documents, river health strategies, catchment 
strategies. 
7. SUMMARY AND RECOMMENDATIONS 
7.1 Summary  
This summary of the EstuaryWatch review will assess to what degree the program is meeting the 
following objectives: 
 Consolidate the EstuaryWatch Monitoring Program including data interpretation and 
identify where EW can feed into decision making. 
 Incorporate EstuaryWatch into estuary management systems. 
 Engage in decision making and the planning system. 
 Maintain EstuaryWatch program as established in previous years. 
 Source sponsorship and roll-out to more estuaries. 
It is clear from the review that there has been a comprehensive effort on behalf of the coordinators 
and volunteers in the establishment and maintenance of a program that is collecting quality data in-
line with the EstuaryWatch manual. The emphasis on Quality Assurance and training has been 
worthwhile in ensuring that the data that has been collected to date can be used with confidence. 
Where the program has had less opportunity to deliver is in the presentation of this data and use of 
it in the decision making process. In particular the functionality of the database requires work to 
enable volunteers to review their data and paint a picture of the health or processes occurring 
within the estuary. The collection of additional data on the inputs to the estuary and how these 
influence the processes are also of great importance to the on-going success of the program if the 
data is to be used more broadly. 
The first point above has hopefully been partially covered in this review document. The 
EstuaryWatch data is of great use to the decision making mechanisms that are currently being rolled 
out across Victoria. The data collected by volunteers assists in painting a more complete picture of 
the estuary, the data does however need to be supplemented by additional flow and entrance 
condition information. 
It is unclear how EstuaryWatch will be engaged in the planning system (point three). A clarification 
of this objective may be required as “planning System” has connotations of development controls, a 
point picked up in the expectations of one of the community group’s objectives. If planning system 
refers to the estuary management planning (also point two) then this has not occurred to date, 
however the data is there to do so and there is no doubt that EstuaryWatch is a valuable program in 
this regard.  
The last two points appear to be successful as the growth of the program is on-going and, with some 
minor adjustments, can be expected to continue to grow as the data becomes more useful to 
estuary managers. 
7.2 Recommendations 
Throughout this review of EstuaryWatch there have been a range of recommendations that are 
either required to fulfil the current program or to enable the program to be successful in expansion 
whilst meeting the requirements of the multiple planning and reporting programs that are currently 
being undertaken within estuaries throughout Victoria. 
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Table 8-1in Appendix A documents all the recommendations and ranks them according to priority. 
Priorities are linked to the needs of the program is being self-sufficient and meeting the original 
objectives, in particular, assisting in the better understanding of the estuaries to inform 
management.  
As identified at multiple points within the review the critical recommendations are: 
 Present the data in a format that can be used 
 Monitor the driving forces that influence the dynamics of the estuary; flow and entrance 
geometry. 
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APPENDIX A RECOMMENDATIONS 
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Table 8-1 Recommendations with priorities 
 Recommendation  Required 
to fulfil 
current 
objectives 
Cost / time 
effectiveness 
Priority 
1.  Continuously logged or 
volunteer derived flow data 
to be collected 
Method 
modification 
1 2 1 
2.  More detailed estuary 
entrance condition data to 
be collected 
Method 
modification 
1 1 1 
3.  Establishment of vegetation 
photo monitoring points 
Method 
modification 
3 1 3 
4.  Collection of data on social 
usage of the estuary 
Method 
modification 
1 1 1 
5.  Collection of data on 
groundwater depth and 
salinity 
Method 
modification 
3 2 2 
6.  Recording of artificial vs 
natural openings 
Method 
modification 
1 1 1 
7.  Macro algal bloom 
monitoring 
Method 
modification 
3 3 3 
8.  It is not recommended that 
EstuaryWatch be utilised in 
triggering an EEMSS opening 
process. 
Method 
modification 
1 1 1 
9.  Keep volunteers informed 
about changes to the 
EstuaryWatch program to 
ensure their expectations 
are met 
Volunteer 
support 
1 2 1 
10.  Establish a process 
whereby volunteers are 
able to collect and upload 
additional data on top of 
the core data that is being 
collected 
Volunteer 
support 
3 3 3 
11.  The operational constraints 
of the EstuaryWatch 
program should be 
explained to the volunteers 
so that they understand a 
response from the program 
may not be immediate 
Volunteer 
support 
1 1 1 
12.  Increase the 
communication to the 
volunteers with regard to 
Volunteer 
support 
1 1 1 
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 Recommendation  Required 
to fulfil 
current 
objectives 
Cost / time 
effectiveness 
Priority 
the use of the data that is 
collected  
13.  Include risk mitigation in the 
plan 
Monitoring 
plans 
1 1 1 
14.  Include map/air photo of the 
estuary to assist with the 
interpretation of the site 
Monitoring 
plans 
1 2 2 
15.  Provide background 
information on the 
catchment and the estuary 
Monitoring 
plans 
1 2 2 
16.  Reference any management 
plans or further reading on 
the estuary 
Monitoring 
plans 
2 2 2 
17.  If reporting against EPA or 
IEC guidelines is a future 
objective of EstuaryWatch 
then a turbidity meter will 
be required and the 
method manual changed to 
reflect this  
Methods 4 4 4 
18.  Continued use of the 
turbidity tube will require 
the recording of data in line 
with the Streamwatch 
method where the higher 
value (last value passed) is 
recorded or Waterwatch 
where an estimation off the 
log scale is determined. 
Methods 1 1 1 
19.  Set photo points are 
established and better 
documented, possibly from 
a set photo post  
Methods 2 3 3 
20.  Photo numbering follows a 
standard format eg. 
Estuary_yymmdd_site_bear
ing. Therefore Thompsons 
Creek on January 31st 2011 
at the entrance facing west 
might be 
TC_110131_1_270.jpg 
Methods 1 1 1 
21.  Photos are a minimum of 
500kb 
Methods 1 1 1 
Corangamite CMA 
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1587-01 / R02v02 
 Recommendation  Required 
to fulfil 
current 
objectives 
Cost / time 
effectiveness 
Priority 
22.  Site photos are part of the 
monitoring at every site. 
Methods 1 1 1 
23.  Link data on other websites 
to the EstuaryWatch 
website 
Methods 1 1 1 
24.  Split the comments section 
into relevant headings to 
focus the comments 
Methods 1 2 2 
25.  Add an urgency flag for 
immediate follow-up on 
comments 
Methods 4 4 4 
26.  Continue with the 
calibration and membrane 
replacement protocols 
currently established 
Methods 1 1 1 
27.  Investigate the lack of data 
collection of water colour 
Methods 1 1 1 
28.  Change the input database 
to disallow ranges or alpha 
values in monitored data 
Database 1 2 2 
29.  Ensure the measurement 
units are presented in all 
outputs 
Database 1 3 3 
30.  Review database export 
format to enable easier 
interpretation 
Database 1 1 1 
31.  Collate photos in .zip 
format to enable easy 
download 
Database 4 4 4 
32.  Check the format of data 
and time in the exported 
files 
Database 1 1 1 
33.  Split the date and time 
fields in the data entry 
Database 2 4 4 
34.  Add a top and bottom field 
in the data entry database 
for salinity and dissolved 
oxygen 
Database 1 2 1 
35.  Some volunteers collect 
and enter multiple sets of 
data for one site on one 
sampling event, only one 
set to be entered as 
Database 1 1 1 
Corangamite CMA 
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 Recommendation  Required 
to fulfil 
current 
objectives 
Cost / time 
effectiveness 
Priority 
multiple entries create 
issues with data 
presentation. 
36.  Format the data so that it 
may be exported and 
graphed with flow data 
from the Vic Data 
Warehouse, where 
available, or from flow data 
recorded in the field 
Interp/ 
website 
1 3 1 
37.  Attribute the entrance 
condition with a numeric 
value so that it can be 
represented in a graphical 
form with water quality 
data 
Database 2 2 2 
38.  Enable the website to 
produce graphs at the push 
of a button or presented as 
a static graph. 
Database 1 3 1 
39.  Review the requirement to 
double check all the data 
entered for every site 
Database 2 2 3 
40.  Maintain consistency in 
units in the database entry 
Database 1 1 1 
41.  Time series graphs for all 
parameters, for each site, 
to be incorporated on the 
site page  
Website 1 1 1 
42.  Single data download 
button for each site 
incorporating all data in 
excel and photos split 
annually 
Website 2 3 3 
43.  Incorporation of a more 
detailed summary of each 
estuary 
Website 1 3 2 
44.  Links for EEMSS and EFAM 
information 
Website 1 1 1 
45.  Links to other sources of 
data (rainfall, flows, tides, 
water level) located on 
other websites 
management planning 
Website 1 1 1 
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 Recommendation  Required 
to fulfil 
current 
objectives 
Cost / time 
effectiveness 
Priority 
documents, river health 
strategies, catchment 
strategies 
 
 
